skills at home. Moreover, the results of the present study indicate that this metacognitive approach can effectively improve older adults' learning, even in those who spontaneously self-test prior to training. Conclusions: Training metacognitive skills, such as self-testing and efficient study allocation, can improve the ability to learn new information in healthy older adults. More importantly, older adult clients can be supplied with an at-home training manual, which will ease the burden on practitioners. Copyright © 2009 S. Karger AG, Basel A primary goal of memory interventions is to improve older adults' performance on memory tasks, such as serial word recall, free recall, and face-name and list-learning tasks. In their meta-analysis, Verhaeghen et al.
(b) efficient allocation of study time. Specifically, for selftesting, older adults studied word pairs (e.g. chateaucastle) and then later tested their learning by covering the response for each pair, reading the cue alone (e.g. chateau), and then attempting to retrieve the response from memory. Then, they used the outcomes of these self-tests to decide whether and how long to restudy the pairs (i.e. study allocation). If they could not recall the correct response (e.g. castle), they were instructed to set that particular word pair aside for additional study. Thus, this metacognitive intervention involved training two component skills: (a) self-testing to discover which items have (versus have not) been learned, and (b) allocating subsequent study time to less well-learned items. The older adults' memory for the word pairs was assessed by a preand posttraining test. Dunlosky et al. [3] reported that performance gains from pre-to posttest were much greater for older adults trained in self-testing (d = 0.72) than for those in a randomized waiting list control group (d = 0.03).
In the present study, we had two major goals. First, we sought to transport this metacognitive intervention from the laboratory to home use. Importing training programs into home environments is essential. Not only do some older adults have limited time or ability to attend training programs away from their homes, but training these skills requires involvement by trainers who may not always be available or affordable. Thus, widespread dissemination of a training technique will require self-administration by older adults. Fortunately, older adults report a high level of satisfaction with at-home training studies [4] , and the effect sizes of studies using at-home manuals have been similar to laboratory training studies [1] . For a recent example, a multifactorial intervention in which older adults completed homework assignments demonstrated a significant training effect for both memory performance and self-efficacy [5] . To explore the efficacy of at-home training, we used a standard intervention design that included a pretraining session, multiple training sessions, and a posttraining session. The training sessions were completed in the home and consisted of assignments from a manual that described the two component skills of the metacognitive intervention: how to monitor performance via self-testing and then how to use it to decide which items to restudy. The manual was packaged with multiple lists of paired-associate items and instructions to help older adults to systematically practice these metacognitive skills across four training sessions in 2 consecutive weeks. The manual and related materials are available from the first author.
Our second goal concerned evaluating the benefits of training a skill that an individual has used prior to exposure to a formal training program. For instance, some older adults have pre-experimental knowledge of effective mnemonic strategies, such as interactive imagery and sentence generation for associative learning [6] , which may explain their spontaneous use of these mnemonics [7] . Most important, even though many older adults know about and use these mnemonics spontaneously, they also benefit from memory interventions that train them [1] . The same may apply to metacognitive training that involves training adults to self-test during study. Bottiroli et al. [unpubl. data] had older adults study paired associates (e.g. dog -spoon) for a paired-associate recall test (i.e. dog -?). Over 50% of the older adults spontaneously used at least one of the component strategies (self-testing) from this metacognitive intervention, and they substantially outperformed those older adults who did not spontaneously self-test. Thus, a distinct possibility is that individuals who already test themselves while studying will not benefit any more from training that focuses on using this skill. If so, practitioners could prescreen older adults to ensure that the training focuses on only those skills that could benefit. Alternatively, the training itself makes explicit why self-testing can improve learning (because it helps to isolate unlearned items for further study) and also provides practice with two of the component skills involved in metacognition: selftesting and study allocation. Thus, older adults who spontaneously self-test may still benefit from metacognitive training.
We evaluated these possibilities by screening participants during their pretraining test session. After completing the pretraining test, participants were asked to report any strategies they used during the task. If participants reported covering the to-be-remembered word or restudying unlearned items, they were designated as self-testers. In addition to those who did not self-test prior to training, we assessed whether self-testers could benefit from at-home training. Finally, we contrasted selfpaced and experimenter-paced criterion tests. On the self-paced test, participants studied word pairs on flashcards for up to 30 min. The participants determined how long and how many times they studied the word pairs. On the experimenter-paced test, word pairs were presented on a computer screen one time for 5 s each. The format of the self-paced, but not experimenter-paced, task allowed participants to cover the to-be-remembered word, test their memory for it, and determine whether or not they needed to restudy the word pair. Thus, as compared to the experimenter-paced task, training gains should be larger for the self-paced task because it better affords the use of the metacognitive training.
Methods

Participants
A total of 81 older adults were recruited through a newspaper advertisement in northeast Ohio. Four participants were excluded for reporting either a history of dementia, stroke, medications for memory problems, or previous participation in a memory improvement program during a phone screening process. The remaining 77 participants came to the laboratory for a pretraining session and were randomly assigned to one of two groups (metacognitive training or waiting list control). Of the 77 eligible participants, 21 (training, n = 12; control, n = 9) correctly recalled 35 or more words (out of 40) on the self-paced task. Data from these participants were excluded from further analyses because their performance was at a functional ceiling level, and hence could not benefit from training. After exclusions, a total of 29 older adults (12 females, 97% Caucasian) in the training group and 27 (15 females, 96% Caucasian) in the control group participated in this study. Groups did not significantly differ in age, vocabulary knowledge [8] , or perceptual speed as measured by letter and pattern comparison [9] ( table 1 ). Each person was paid USD 20 for his/her participation.
Materials
Two memory tasks were administered during both the preand posttraining sessions. Both tasks involved learning nounnoun pairs and were either self-paced or experimenter-paced. Participants completed two versions of each task, and the order of administration (i.e. version A vs. version B) was counterbalanced across test sessions.
Self-Paced Task Participants studied 40 word pairs (e.g. jail -coffee) with each pair printed on a separate 3 ! 5 index card. They were given 30 min to learn as many pairs as possible and told they could study in any manner. After 30 min or less (if they self-terminated studying), participants were given a written cued-recall test with no time limit. The cue (e.g. jail -) was provided for each item, and the participant wrote the corresponding response (e.g. coffee) in the space provided. Once they completed their recall test, participants were asked to report any techniques they used while studying the word pairs. That is, they were asked to write down all of the strategies they had used to help them remember the word pairs. If they reported covering the word or restudying unlearned items, they were classified as self-testers.
Experimenter-Paced Task Forty word pairs were presented individually at a fixed rate (5 s per pair) on a personal computer, with no opportunity for restudy. After the final pair was presented, they were given the recall test in the same written format used in the self-paced task.
At-Home Memory Improvement Manual
The manual contained several lessons teaching the self-testing technique and four homework assignments that were to be completed during a 2-week period. For each assignment, participants studied two lists of paired associates (e.g. jail -coffee) using selftesting. The list lengths increased over the 2 weeks (from 5 up to 40 pairs), and a study time limit was imposed according to the level of difficulty (e.g. 5 min for 10 pairs). Prior to the study session for each list, instructions in the manual explained the steps of self-testing: (1) go through all of the flashcards and try to learn them, (2) go through the cards again and cover the word on the right and test your memory for it, (3) if you correctly recalled the word, set the card aside, but if you did not correctly recall it, place it at the back of the deck, and (4) repeat steps 1-3 until the time runs out or you have correctly recalled all of the words.
Following study, participants turned to the response sheet in which all of the cues (e.g. jail) were listed along with a blank space to the right. They were instructed to write down the responses (e.g. coffee) in the corresponding blank. After recalling the words, participants graded their own answers using the flashcards and recorded the time spent studying each set. To ensure compliance, each participant in the training group received a phone call one week into the training program to check their progress. They also brought their completed assignments to the posttraining session for experimenter evaluation, and all participants complied with the training instructions. Age ranged from 60 to 89 years. Education = the total number of years of education; maximum vocabulary score = 36; maximum letter comparison = 42, and maximum pattern comparison = 60. Standard errors for the corresponding means are in parentheses.
All p values >0.10. 
Procedure
All participants completed a 1.5-hour pretraining and a 1-hour posttraining test session separated by 2 weeks. The training group worked on the assignments using the at-home manual during the 2-week period, whereas the waiting list control group completed the manual following their posttraining test session.
Participants eligible after the phone screening were brought into the laboratory for the pretraining session. After completing a consent form, participants filled out a demographic questionnaire and underwent measures of vocabulary knowledge [8] and perceptual speed [9] . Next, the participants were given the selfpaced task followed by a global strategy report on which they wrote down all of the strategies they had used to help them remember the word pairs. Finally, participants completed the experimenter-paced task.
Participants came back 2 weeks following their pretraining test session and completed, in this order, the self-paced task, another strategy report, and the experimenter-paced task, in both cases with different lists. Lists were assigned at random to pretest and posttest.
Results
Ten participants from the training group and ten from the control group reported using at least one of the trained strategies (self-testing and study allocation) during the pretraining session; these participants comprised the tester group. Nineteen participants from the training group and 17 from the control group did not report using either of the two trained skills during the pretraining session; these participants comprised the non-tester group. Although the non-tester group did not use one of the target skills during the pretraining test, they did report using other strategies. Specifically, 20% of the non-testers reportedly used rote repetition, 20% used imagery, 26% generated sentences, and 34% used some other form of word association. The implication of using these mnemonic strategies (especially effective ones, such as imagery) is that doing so may diminish any benefits that the tester group may gain from using the metacognitive skills. That is, whereas the tester group may benefit from using metacognitive skills, the non-tester group may benefit from using effective mnemonic strategies. This possibility seems unlikely given that the tester group also reported using a similar pattern of mnemonic strategies: 20% reportedly used rote repetition, 15% used imagery, 25% generated sentences, and 40% used word association. The reported amount of mnemonic strategy use did not differ significantly between the two groups (Mann-Whitney U 1 332.5, p 1 0.65), which suggests that both groups were equally likely to use standard mnemonic strategies.
Furthermore, participants from the tester and nontester groups did not differ significantly on a variety of demographic variables. As shown in table 1 , participants in each group did not differ in age, processing speed, vocabulary, or years of education, all p values 1 0.10.
Self-Paced and Experimenter-Paced Recall
To evaluate the a priori predictions, we conducted a 2 (intervention group: training versus control) ! 2 (tester: non-tester versus tester) ! 2 (session: pretraining versus posttraining) mixed analysis of variance separately for the self-paced task and experimenter-paced task. We also tested the homogeneity of variances assumption given the smaller sample size in the tester group. The Levene test for equality of variances was not significant either on the self-paced task, F(1, 54) = 0.34, p = 0.57, or on the experimenter-paced task, F(1, 54) = 0.41, p = 0.53, indicating the variances in the tester and non-tester groups are acceptably homogeneous.
For the self-paced task, the mean proportion of correctly recalled items is shown in figure 1 . The expected intervention group ! session interaction was significant, F(1, 53) = 4.34, p ! 0.05, 2 = 0.06, demonstrating that manual-based training in the home produced gains in memory performance from pre-to posttraining sessions beyond that expected by practice effects (i.e. the gains demonstrated by the control group). Although performance tended to be greater overall for testers than nontesters, the main effect for testers only approached significance, F(1, 53) = 2.45, p = 0.12. The tester ! session interaction was not significant, F ! 1. Both the non-tester group (d = 0.62 [10] ) and the tester group (d = 0.66) benefited from training. The experimenter-paced task does not afford the use of the self-testing strategy, so we predicted no training gains on this task. The tester ! session interaction was not significant, F ! 1, so we present the mean values collapsed across the tester group. Participants in the training group correctly recalled 3.8 (SEM = 0.6) items during their pretraining test and 4.9 (SEM = 0.6) items during their posttraining test. Participants in the control group correctly recalled 3.3 (SEM = 0.7) items during their pretraining test and 4.6 (SEM = 0.7) items during their posttraining test. As predicted, the intervention group ! session interaction was not significant, F ! 1, indicating that performance on the experimenter-paced task was not influenced by training.
Study Times
For the self-paced task, a 30-min time limit was imposed, but some participants ended the study session indicating they were ready for the recall test (control = 1, training = 7 at pretraining; control = 0, training = 4 at posttraining). Mean study time significantly increased for the non-testers in the training group from 28.2 min (SEM = 0.9) during the pretraining test to 29.8 min (SEM = 0.2) during the posttraining test, t(18) = 1.84, p 1 0.05, d = 0.60. Study time for the self-testers in the training group did not change significantly from pre-to posttraining sessions. Their mean study time was 29.4 min (SEM = 0.6) during the pretraining test and 29.6 min (SEM = 0.3) during the posttraining test. Study time for participants in the waiting list control group also did not change from pre-to posttraining tests, t ! 1.0. On average, non-testers in the control group spent 29.9 min (SEM = 0.1) studying during the pretraining test and 30 min (SEM = 0.0) during the posttraining test, and all of the testers spent the entire 30 min during both tests.
Discussion
In the current study, we had two goals: to evaluate the efficacy of an at-home metacognitive intervention and to examine these effects after prescreening for those who were already using the to-be-trained strategy. Concerning the former goal, the results provide further support for the benefits of training the component metacognitive skills involved in study, while demonstrating the success of at-home training. In fact, the effect size for metacognitive training completed by older adults at home (d = 0.63; collapsed across testing groups) was nearly as large as the effect size when training was conducted in the laboratory (d = 0.72 [3] ). Thus, practitioners can promote self-regulated learning by supplying older adult clients with an easy-to-use training manual, which is available from any of the authors. Moreover, these metacognitive skills can easily supplement other mnemonic interventions, as demonstrated by Dunlosky et al. [3] . In this study, larger gains were enjoyed by a group of older adults who received mnemonic strategy training (e.g. using interactive imagery) and metacognitive training than by a group who received mnemonic strategy training alone.
Concerning the second goal, participants benefited from the metacognitive intervention regardless of whether they initially reported using self-testing or not. One reason is that even when some older adults report using self-testing or study allocation to regulate their learning, they may not use this strategy consistently across all items without training. After training, they may simply use these metacognitive skills more often across the list. An analogous situation was reported by Dunlosky and Hertzog [7] who reported that (a) uninstructed older adults sometimes used mnemonic strategies (e.g. interactive imagery) to study paired associates, yet (b) older adults who were instructed to produce these strategies used them more often, which in turn benefited their recall. Another reason that testers may have benefited is that training involved two components of self-regulated study -both self-testing and its use in study allocation -that required a great deal of practice. In other words, metacognitive training may improve learning not only by increasing the overall use of these component skills across a list, but also by increasing the quality of their use. A practical implication is that screening for prior use of the targeted skills likely is unnecessary because even those who spontaneously self-tested or efficiently allocated study time benefited from training.
Although this metacognitive intervention was successful in improving memory performance, some potential limitations of this study should be mentioned. First, given a larger sample size, perhaps we would have detected significantly larger training gains in the non-tester group as compared to the tester group. Accordingly, our major conclusion here is that testers and non-testers can benefit from this metacognitive intervention, and not that the size of this benefit was identical for both groups. Second, by excluding older adults based on a history of dementia or other diagnosed memory problems, we cannot evaluate the generalizability of these training benefits to non-healthy adults. However, Camp [11] has demonstrated that adults diagnosed with dementia of the Alzheimer's type (DAT) can learn new information when the information is repeatedly tested across increasing intervals. Although the author demonstrated the benefits of using this spaced-retrieval technique, the DAT participants went through training sessions with a qualified practitioner, because the DAT participants would be unable to train themselves. Thus, although interventions based on self-testing -as in the current metacognitive intervention -can benefit older adults' learning, an athome version of this intervention may be mainly beneficial to older adults who are relatively high functioning.
Finally, the present intervention research focused exclusively on whether at-home training would benefit older adults' learning, as shown previously when experienced trainers conducted the intervention [3] . We did not expand the protocol to include either criterion tests that were delayed a great deal after training or those that were not explicitly trained in the manual; thus, we could not examine how long the trained skills were maintained or whether they would transfer to other tasks. Concerning the former, given how simple the component skills (selftesting and study allocation) are to understand and how easy they are to master, we suspect that the benefits of this intervention will be maintained over long intervals. If they are not maintained, a brief reminder to self-test and allocate appropriately may be enough for older adults to regain the benefits initially enjoyed after training. As for transfer, Dunlosky et al. [3] also included an untrained criterion task (self-paced study of individual words followed by free recall), and the benefits of the metacognitive intervention that focused on training paired-associate learning did not transfer to this free-recall task. Given that transfer may be most likely when training focuses on the broader applicability of the component skills across many contexts [12, 13] , the metacognitive intervention may produce considerable transfer when the component metacognitive skills are practiced with multiple tasks during training. Importantly, these maintenance and transfer issues can be systematically explored using versions of the at-home training manual, which also makes it a valuable tool for training research.
Future research concerning metacognitive training also should assess the maintenance of training gains. In the present study, participants demonstrated significant gains in associative learning immediately following training; however, the long-term benefits of the metacognitive skills were not measured. Previous research has indicated that the likelihood of obtaining long-term benefits can be increased by offering supplemental attentional and relaxation training [14] or by offering booster training [2] . Moreover, recent evidence from the testing-effects literature suggests that metacognitive training could be even more effective if participants are taught to use a different allocation policy. The training program used here teaches older adults to self-test and then to drop from study those items that they can currently recall. Although dropping recalled items is efficient because more time is available for restudying unlearned items [15] , this method may not optimize memory performance [16] , because items that are recalled once still benefit from further testrestudy trials [17] . In fact, encouraging participants to drop items after only one correct recall could explain why metacognitive training has not always improved older adults' learning [18] . Thus, one possible means of enhancing the benefits of metacognitive training would be to encourage participants to correctly recall items more than once before removing them from further study.
In summary, metacognitive training administered with a take-home manual benefited older adults' learning, regardless of whether the adults reported using the strategy prior to training. This training technique can be easily combined with other effective mnemonic strategies that boost learning and hence shows much promise for promoting memory competence in late adulthood.
